Net photosynthesis is stimulated in third seedling leaves of barley plants whose lower two leaves are heavily infected by Erysiphe graminis f.sp. hordei Marchal. Stimulation is greater in water-strssed than in wellwatered plants. In stressed, but not in well-watered plants, stimulation is associated with the maintenance of high leaf water potential and high leaf conductance. A small part of the changes in net photosynthesis is attributable to changes in respiratory metabolism in the third leaf, and other possible causes are discussed.
The growth and development of those phytopathogens having a biotrophic relationship with their host, e.g. powdery mildew fungi, depends upon the pathogen establishing, and then maintaining, a physiological relationship with a living host cell. Photoassimilates, or their derivatives, are continuously transferred from plant to fungus (10) . However, rates of CO2 fixation are progressively reduced in powdery mildew-infected tissues of barley (1, 3, 8, 19) and other hosts (see review by Ayres [3] ). The rate of reduction depends upon the intensity of infection and the particular host in question. Net photoassimilates are reduced further because infection stimulates rates of dark respiration (1, 2, 13, 19) and, in pea (2) and oak (13) , causes photorespiration to release an increasingly large proportion of the total carbon fixed. The changes ultimately limit the life span of individual colonies of the fungus and its epidemiological potential. Thus, they have received much attention. Although colony life may be extended by increased import of translocates from uninfected tissues of the plant (9) , previous studies have overlooked the effects of infection on photosynthesis in uncolonized tissues of the plant. This is particularly surprising since the activity of uninfected tissues, for example young newly expanded leaves, is directly responsible for the continued growth of the plant. We report here an examination of photosynthetic activity, and related respiratory processes, in healthy third leaves of barley (Hordeum vulgare L.) plants whose lower two leaves are heavily infected with powdery mildew (Erysiphe graminis f.sp. hordei Marchal).
Mildew inhibits stomatal opening in colonized tissues of barley in the light (5), thereby reducing transpiration rates (18) . Previous work (5) the stomatal diffusion resistance. Our investigation paid special attention to the possibility that effects of infection on photosynthesis in healthy tissues might be mediated through the water balance of the plant.
MATERIALS AND METHODS
Plants. Pregerminated seeds of barley, susceptible cv. Tyra, were grown in a mixture of compost and sand in 13-cm diameter pots. Plants were placed in a controlled environment cabinet (Fisons) where the temperature in the light period was 21 ± 1 C, and in the dark period 16 ± 1 C, with RH 50 ± 5% throughout.
Irradiance of 150 ,uE m-2 s-1, photosynthetically active radiation, was supplied by metal halide lamps (Thorn, 250 w LOWPAK). All plants were watered daily to runoff. When the first leaf had emerged, the seedlings were thinned to six per pot. Three days before inoculation seedlings were split into two groups and transferred to separate growth cabinets as a precaution against infection of the control plants. Conditions were as before except that irradiance, 300 ILE m-2 s-' PAR, was higher. Tillers appearing in addition to the main shoot were removed to maintain a constant ratio of healthy to infected tissues.
Inoculation. When the lamina of the third seedling leaf was fully expanded, first and second leaves were inoculated. Inoculum was obtained from diseased stock plants, which were shaken 24 h before inoculation to remove old spores. New spores were transferred to both surfaces of the first and second leaves with a camelhair brush. Third leaves were covered with a plastic bag as protection from infection during inoculation. Third leaves, and control plants, were additionally protected with a light dusting of yellow sulfur (Corry and Co.). After inoculation, water was withheld from half the control plants and from half the inoculated plants.
Net Photosynthesis. Three leaves, selected at random from a population of plants receiving the same treatment, were enclosed in an acrylic plastic leaf chamber of internal dimensions 6.4 x 3.5 x 7.0 cm. Air with an RH of 55 ± 5% entered the chamber at a rate of 1.6 liters min-' and was stirred within the chamber so that measured boundary layer resistances were always less than 0.85 s cm-'. Leaf temperature was measured with a copper-constantan thermocouple attached to the leaf surface and was maintained at 22 ± I C by means of a thermostatically regulated water jacket which surrounded the leafchamber. Leaves were illuminated from above by metal halide lam2ps (Thorn 400W, HIPAK) to give an irradiance of 700 ,uE m-s-1 PAR at the leaf surface. CO2 Photorespiration and Dark Respiration. Photorespiration was measured by the "post-illumination CO2 outburst" method (25) .
Air which had previously passed through the IRGA was recycled through a single leaf chamber so that a circular flow ofair through a closed system resulted. When the leaf attained its CO2 compensation point, the lights were switched off and the initial rate of CO2 efflux from the leaf was taken as being equal to its photorespiratory rate. The rate of CO2 efflux soon declined to a steady rate that was taken as the rate of dark respiration. Measurements were made alternately on healthy and infected plants. All gas exchange measurements were made in the middle 8 h of the 16 h photoperiod.
Leaf Conductance and Leaf Water Potential. Direct measurements of leaf diffusion resistance were made using an automatic diffusion porometer (Lambda Instruments). Results were expressed as conductances, i.e. the sum of the reciprocals of the resistances of both epidermal surfaces. Six replicate pots were sampled for each treatment. Measurements were made 4 h after the start of the light period. Leaf conductances were also determined for those plants used in photosynthesis measurements. On the 6th day after inoculation, a dew point hygrometer (EG and G Ltd.) was connected into the gas analysis system in parallel with the IRGA. Conductances were calculated from measurements of transpiration and leaf temperature (20) .
After each measurement with the diffusion porometer, a 6-mm diameter disc was cut from the basal portion of the leaf and immediately sealed in a thermocouple psychrometer connected to a dewpoint microvoltmeter (Wescor, HR-33T). After equilibration for 2 h at 30.5 ± 0.5 C in a thermostatically regulated water bath, leaf water potential was determined.
Soil Water Potential. Immediately after leaf tissue was sampled for water potential, soil samples were taken for the determination of moisture content as a percentage of oven-dry weight. Bulk soil water potential was determined from a calibration curve of soil moisture percentage against water potential, previously constructed for the same soil mixture using a pressure plate apparatus (Soil Moisture Equipment Co.).
RESULTS
Rates of net photosynthesis in third leaves were higher in plants whose lower two leaves had been infected 6 days previously than in healthy controls, whether plants were well-watered (Fig. la) , or water-stressed (Fig. 2a) . Development ofwater stress progressively reduced rates of net photosynthesis, and also of photorespiration (Fig. 2, a and b) . Infection of the lower two leaves caused a small reduction in photorespiration in healthy third leaves, but had no effect on dark respiration (Figs. lb, 2b) .
Six days after inoculation, leaf conductance in plants subjected to water stress was higher in plants with the lower two leaves infected than in controls (Fig. 3) . This result of measurements by diffusion porometry was confirmed by calculation of leaf conductance from gas exchange measurements. Conductance was significantly increased (P s0.05) from 0.05 ± 0.01 to 0.08 ± 0.01 cm s-1 in water-stressed plants but was not significantly changed in well-watered plants (0.18 ± 0.02 cm s-1 in healthy, 0.21 ± 0.01 cm s'1 in infected). Water-stressed controls wilted on the 9th day after inoculation. When plants were well-watered, no differences occurred between treatments. The relationship between leaf conductance and leaf water potential was unaffected by infection of the lower leaves (Fig. 4) .
Bulk soil water potential decreased as time from the cessation of watering increased, finally reaching a value of -0.90 ± 0.20 MPa (Fig. 5a ). The rate of soil drying was not affected by infection of the plants. The water potential of third leaves of healthy controls had dropped by 0.76 ± 0.10 MPa when soil water potential reached -0.50 ± 0.10 MPa on the 6th day of the drying cycle (Fig. 5b) healthy leaves of the same plant we consider the most likely to be water relations, growth regulator metabolism, and photoassimilate translocation.
Leaf conductance showed the greatest sensitivity to changes in leaf water potential in the range -0.40 to -0.80 MPa (Fig. 4) . Photosynthesis at high irradiances may be reduced by small decreases in leaf water potential as a result of stomatal closure (7). We concluded that when plants are subjected to water stress the higher levels of photosynthesis in mildewed than in uninfected plants result, in part, because mildew slows the decrease in third leaf water potential that follows the cessation of watering. Although certain growth regulators, e.g. cytokinins (16) , are known to affect stomatal behavior, they do not appear to be involved in this instance since the relationship between leaf conductance and leaf water potential is unaltered by infection (Fig. 4) . Infection did not significantly affect the drying of the soil. Values for bulk soil water potential from the 7th day onwards are subject to large errors, with the result that they may appear lower than leaf water potentials, because they fall in the range in which small changes in soil moisture (the parameter measured) are related to large changes in potential. Our measurements of transpiration (unpublished results) support the finding of earlier work (5) that equal amounts of water are transpired over 24-h periods by healthy and mildewed plants of similar leaf area. Infection did not significantly affect the leaf area of plants in the present experiment. Thus, we concluded that infection brings about an internal reallocation of the transpiration stream within water-stressed plants to the benefit of healthy leaves.
Factors other than water relations were responsible for the stimulation of photosynthesis in well-watered infected plants, and probably also contributed to the stimulation in water-stressed plants. Infection resulted in a small decrease in the photorespiration rate of healthy leaves on the same plant. The cause of the change is uncertain, but it may well result because mildew reduces nitrate transport to the shoot (23) . Fair et al. (11) have demonstrated that rates of photorespiration are positively correlated with the nitrate nutrition of barley seedlings. There is considerable evidence that the net photosynthetic rate of healthy plants (source activity) can be modified according to demand for photoassimilates (sink strength) and that both transport and partitioning of photoassimilates are under the control of growth regulators (see recent review by Wareing [24] ). Increased photosynthetic activity in healthy leaves of mildewed barley may be a response to increased sink strength in infected leaves. Fric (12) found that the rate oftranslocation ofa labeled assimilate from uninfected second leaves to lower organs of mildewed barley seedlings was substantially increased compared with healthy controls, although Edwards (9) reported that mildew lesions, localized in the middle region of primary leaves, failed to alter the pattern oftranslocation from healthy second leaves fed "4CO2. However, heavy infections of the lower leaves of wheat seedlings have been shown to increase the import of assimilates from healthy upper leaves (17) . Changes in sink strength may be related to the rapid transfer of assimilates to the developing fungus (10) , and may be mediated through changes in growth regulators which are known to occur in mildewed plants. For example, mildew infection decreases cytokinin levels in roots but causes increased levels in infected leaves of barley (22) .
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